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1. Introduction  
Environmental impact assessment (EIA) is one of the key instruments of environmental 

policy to avoid environmental conflicts for the project development.  It has been adopted as a 
platform among stakeholders for information communication about development proposals so 
that environmental damage can be avoided or minimized, and is widespread recognized as an 
effective tool for supporting the sustainable development of the environment through policy, plan 
and program decision-making processes. A great number of literature focus on this issues (e.g. 
Noble, 2000; Partidario, 2000) for the discussion of methodology (e.g. Noble and Storey, 2001; 
Brown and Therivel, 2000; Verheem and Tonk, 2000), or performance criteria (e.g. Fischer, 2002; 
IAIA, 2002; Nitz and Brown, 2000).  

The EIA Act (Taiwan) was the first Taiwan environmental law that call for a comprehensive 
assessment of environmental consequences, was legalized and implemented in 1994. It regulates 
minimum requirements for ensuring the achievement to meet the social objectives, and prescribes 
the assessment procedures, the composition of assessors, and the level of details of the outcome 
report to ensure information transparence.  However, the environmental conflicts still 
maintained at a quite high level (please see Figure 1) even increased oven time. This situation 
implies that SEAs remain less than satisfactory and improvements in the quality of SEA decisions 
are required (see, e.g. Hazell and Benevides, 2000; Curran et al., 1998). 
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           Figure 1. Nuisance Petition Cases  
   Source: Taiwan EPA (2007) 

 
The current assessment on environmental impact is undertaken by calculating environmental 

damages by linking impact categories with particular types of process through the use of 
environmental indices that are based on the selection of a number of key parameters or weighting 
factors that are analyzed and determined through scientific analysis in association with the impact 
on ecosystem, resource consumption and human health.  Scaling or weighting in each 
environmental impact category is predetermined and the job of assessors is to aggregate the data 
and form an overall index.  In other words, a data base or an inventory for data analysis is 
available for calculating the associated impact indices, and quantitative damages.   

For example, the Eco-Indicator 95 and 991 present a framework to value the damage of 
environmental impacts, depicted in Figure 2.  In this framework, the contribution 
                                                 
1 Many researchers have developed the tools for the calculation of the effects and their consequent damages.  For 
example, Eco-99 proposed three types of damages: human health, ecosystem quality, and resource scarcity. 



(characterization factor) of the environmental impacts to the environmental effect and the damage 
is assumed to be fixed and deterministic based on the scientific analysis. For example, the green 
house effect of the emission of 1 kg methane is 11 times higher than that of carbon dioxide.  The 
environmental effects are also directly linked (please see Table 3.3 in Eco-Indicator 95) and the 
weighting2 among categorized damages is subjectively assumed to be equivalent by  (1) One 
extra death per million inhabitants per year, (2) health complaints as a result of smog periods, and  
(3) five percent ecosystem impairment (in the long term).  This choice of the weight in Eco-95 is 
subjective and cannot meet the practical use in developing countries.  

 

 
Figure 2. The framework of weighting methods by The Eco-Indicator 95 

 
On the contrary, damage analysis in Eco-99 is conducted through different damage models 

to link these damage categories with the inventory result.  For example, the model of Damages 
to Human Health is developed for respiratory and carcinogenic effects, the effects of climate 
change, ozone layer depletion and ionizing radiation through the conduction of Fate analysis, 
Exposure analysis, and Damage analysis.   

 In other words, the relationship of environmental effects (impact categories) to 
environmental damage (category endpoints) is assumed to be deterministic in regardless of 
individual subjective perception on damages.  The selection of impact categories, category 
indicators and characterization models including the criteria for environmental relevance is 
conducted by technician groups who focus on scientific analysis in most cases.  The relative 
weights of the three types damages are assumed to be given in Eco-indicator 95 and 
Eco-Indicator 99, that neglect the stakeholder, especially the neighboring residents’ perception on 
the damage related with the project. In this paper, we propose that weighting factor should be 
determined by the stakeholders.  

Economic valuation methods has been applied to assess environmental impacts of projects 
and policies in the practical world and shown to be beneficial to the EIA process.  However, the 
use of economic methods to assess environmental impacts of projects and policies is aimed to 
provide a value of environmental goods in the cost benefit analysis of projects or policies so that 
it enable comparison between environmental protection and social and economic development to 
achieve more efficient use of scarce resources (Arrow et al., 1996). Strategic environmental 
assessment (SEA) also emphasizes to integrate the economic valuation of environmental goods in 
EIA (Aunan et al., 2004; Mestl et al., 2005).  

Therefore, the objective of this paper is to propose a methodology to determine the weight 
among environmental damages through the application of Contingent Valuation Method to value 

                                                 
2 Eco-indicator 99 considers three types of environmental damages (endpoints termed by ISO 14042) including 
human health, ecosystem quality and resources.   
 



the construction of a project and apply this proposed model to determine the optimal weights on 
the previous cases conducted by EIA. 

 
2. Literature review 
Atkinson and Cooke (2005) focus on health impact assessment, Knaus et al. (2006) valuing 

ecological impacts, Ranasinghe et al. (1999) and Haider and Rasid (2002) assessing water supply 
options, and Uri et al. (1998), Morimoto and Hope (2004), and Wattage et al. ( 2000 ) assessing 
costs and benefits of various types of projects. Ramanathan (2001) use a multi-criteria method, 
namely the analytic hierarchy process (AHP), to combine quantitative and qualitative factors, to 
handle different groups of actors, to combine the opinions expressed by many experts, and can 
help in stakeholder analysis in the process of EIA. He proposes that AHP can work for capturing 
the perceptions of stakeholders on the relative severity of different socio-economic impacts. And 
thus it can help policy makers in prioritizing their environmental management plan, and can also 
help in allocating the budget available for mitigating adverse socio-economic impacts.  

The current laws have not yet regulated that environmental impact assessment procedure 
should use monetary assessment on the project and thus the application of environmental 
valuation to EIA practice is still lacking of technical guidelines on how to conduct such analysis 
in Taiwan . In China, however, “a new national EIA law from 2002, summarized article by article 
in translated form in Wang et al. (2003), states that economic analysis of mitigation measures 
should be conducted as well as evaluation (not only analysis and prediction) of impacts 
“(Lindhjem, et al., 2007, p. 3). In this case, this paper attempt to build up a mathematical model 
with a procedural framework to support the practice of a combination of environmental valuation 
with EIA.  

 
3. Research Method 

Consideration of social perception on environmental impacts of development projects plays 
an important role in affecting the acceptance of the project from the neighboring communities 
and thus it has been an integral part of project evaluation cycle.  The objective of social impact 
assessment is to identify the intended and unintended effects that arisen from the project 
development in order to develop sustainable policy, programs or projects (Burdge, 2003; Vanclay, 
2003).  

The current EIA procedure employed by Taiwan is depicted in Figure 2. in which the 
assessment process is categorized into two phase: Phase I assess the potential impacts based on 
the environmental assessments that are prepared and presented by project developers. In most 
cases, the potentially environmental impacts are scientifically calculated by project developers 
and approved by EPA. If the project required phase II EIAs, a prelinminary environmental impact 
statements (PEIS) should be completed by the project developer based on the detailed 
environmental survey, analysis and impact inventories.  Before the presentation of the 
preliminary environmental impact statements, Taiwan EPA will invite stakeholders (the involving 
scholars, NGOs, the affected residents, the project developers) to define the goals and the scopes 
that required for the process of impact analysis and assessments according to Article 10 of 
Environmental Impact Assessment Act (EIAA). In this stage, the feasible alternatives, the impact 
items, the methods for surveying, forecasting, analysis and assessment should be determined.  
Based on the commonly accepted goal and scopes determined by these stakeholders, the project 
developer needs to present a preliminary environmental impact statements (PEIS) which contains 
at least:  (1) the current status of the site, (2) the possible impacts and its affected scope of 
development, (3) the forecast, analysis and assessment of environmental impacts, (4) the 
corresponding strategies to minimize the impacts, (5) alternatives, (6) environmental management 
plant, (6) the responses to public opinions, (7) conclusions, and (8) costs for the implementation 
of environmental management and protection strategies. Agency of Industrial Development (AID) 
needs to call for a public hearing and make a filed investigation with stakeholders after reviewing 
PEIS.  The public opinion will be transferred to EIA council (consisting of 21 members, 
including 7 governmental officials, 14 scholars or experts) for further evaluation.  Basically, EIA 
council (EIAC) is independently responsible for the decision of acceptance of PEIS by 
subjectively allocating the weights of each impact category and determines whether to accept or 
reject the project.  If PEIS is approved, a detailed design and implementation of project should 



follow and form a formal environmental impact statement. Otherwise, cancellation of the project 
or the reworking of EIA process accompanied with the revision of environmental assessments 
(EA) with more details should be repeated.  
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Figure 3. EIA implementation procedures currently operated in Taiwan 
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baseline description (prepared by project developers) 

1. Implementation of the project or stop 
2. follow-up 

Decision of 
acceptance is made 



 
In the process, the stakeholder participation is allowed but they play as a monitor or a 

supervisor only to present different or even opposite perspectives.  Eventually, whether to accept 
the project development is still dependent on EIAC who are supposed to be rational thinking 
based on scientific analysis and neglect of social impacts.  In other words, the weights among 
the effects (benefits or damages) of impacts arisen from project development are subjectively 
determined by the members of EIAC.   

In this paper, we propose to use a contingent valuation method to find out the tradeoffs 
among a variety of effects.  We consider stakehodler views and attitudes toward the facility 
construction, allowing them to express their utility on the impacts of each impact. In this paper, 
stakeholders are called as “procedure committee” and EIAC is called technical committee. 
Procedure committee play as representatives of the stakeholders to express their preference 
toward each impact while technical committee consider the causal effects of impacts and 
calculate the aggregate costs of each impact based on scientific model.   Each items of the 
factors in the questionnaire are prepared by technical committee that stands for technical 
perspectives and focus on the scientific evidence of the impacts on the environment, but reviewed 
and screened by procedure committee that stands for political consideration and social 
perspectives and focus on the issues of environmental equity. In other words, technical committee 
may care more on the suitability, efficiency while procedure committee focus more on the service 
quality, resident’s acceptability and satisfaction, and adequacy of the planned project. 

 
4. the application of CVM to derive the weighting factor 

Methodologies for valuing environmental goods are in general categorized into two broad 
categories: stated preferences by asking people directly to value an object, for example in a 
so-called contingent valuation (CV) survey their WTP for hypothetical environmental changes, 
and revealed preferences by observing people acting in real-world settings, deriving indirectly 
how people value different aspects of the environment, for example, travel cost methods and 
hedonic price methods. The main aim of environmental valuation is to enable comparison 
between environmental protection and social and economic development to achieve more 
efficient use of scarce resources and less impact to the human health and ecosystem quality 
(Mestl et al., 2005, Arrow et al., 1996).  In this paper, a CVM method is adopted to evaluate the 
weights among the three damages.  

This paper assume that production of public good y (for example, incineration service for 
Municipal solid waste) exhibits by a Cobb-Douglas function, expressed as  
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where iz  represents the ith resource input for the production of y and jx  is the jth 
emissions from the system, which is inevitably accompanied by the production of y. A 
representative agent is responsible for EIA for the project for production y by seeking to 
maximize the utility function U(Y, H, Q, R) which is continuous and quasi-concave, where H 
represents consumer health, Q is the environmental quality and R denotes the resource scarcity. 
The first order condition for the optimality problem yields 
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According to Eco-99, the damage of human health H, ecosystem quality Q and resource 
scarcity R can be calculated by the following linear model:  

H = ∑
j

jj xδ ,                                    (4) 

Q = ∑
j

jj xγ ,             (5) 



R = ∑
i

ii zτ              (6) 

where jδ and jγ  are the coefficients for the conversion of pollution emissions (impacts, 
released by the production of y) to damage of human health and ecosystem quality respectively, 

iτ   is the conversion factor for the calculation of resource scarcity, attributed by the ith resource 
consumption.  All these three types coefficients are determined by scientific experimental 
methods and thus they are given and can be obtained from appropriate source of data bases.  
Thus, Substituting Eq. (4), (5) and (6) into Eq. (2) and (3) yields   
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As there are m+n variables and the same number of equations, the optimal value of 
( 1z , 2z , …, mz , 1x , 2x ,  … , nx ) can be obtained by the simultaneous equations of Eq. (7) 
and Eq. (8).   

In Eq. (7) and (8), 
y
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Q
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subjective perception of marginal value on the product y, the damage of resource scarcity, human 
health and ecosystem quality.  Traditionally, many research use economic methods to value 
environmental damages of projects but Eco-99 uses a scientific analysis to determine amount of 
categorized damages and the weighting factor among damages.  It completely ignores the stake 
holder’s perception or subjective valuation on the damaged arising from diverse environmental 

effects.  Letting 1w =
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each environmental damages attributable to the perception of an individual utility, which can not 
be observed.  In this paper, we propose that the weight of 1w , 2w  and 3w  should be decided by 
stakeholders.   

Suppose that the project has been approved and operating.  This implies that the weight has 
been decided and the optimal value of resource consumption and emissions ( 1z , 2z , …, mz , 1x , 

2x ,  … , nx ) is determined.  Therefore, the utility of the project is given, thus, we get  

0 = dU = 
y
U
∂
∂ dy +

R
U
∂
∂ dR + 

H
U
∂
∂ dH + 

Q
U
∂
∂ dQ                  (9)  

Rearranging Eq. (9) and substituting the sign of differention by difference yields 
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= Δ y + 1w ΔR + 2w ΔH + 3w ΔQ = 0                          (10)  
An individual will choose ‘yes’ to accept the project of an incineration plant when he feels 

Δ y + 1w ΔR + 2w ΔH + 3w ΔQ≥  0. In other words, the indirect utility for the construction of the 
project is equal to the indirect utility without the construction, i.e.  

1V (I + Δ y + 1w ΔR + 2w ΔH + 3w ΔQ｜X, ε)  = 0V (I｜X, ε)       (11) 
where I is the disposable income, X is a vector of observed social demographic 

characteristics, 1V  and 0V  are indirect utility function and may have the same functional form. 
In Eq. (11), ε is a scalar variable representing the disturbance of unobserved personal 
characteristics su  and the remainder disturbances including the measurement error of damages 

stν , i.e. 

stε  = stν  + su                                       (12) 
Both stν  and su  are assumed to be identifiably independently distributed over a normal 

distribution with mean zero and variance of 2
vσ  and 2

uσ  respectively, and Cov ( stν , su ) = 0. 



When the indirect utility function 1V  is monotone increasing for any fixed (X, ε), then there 
exists an inverse function Λ  such that  

I + Δy + 1w ΔR + 2w ΔH + 3w ΔQ = Λ ( 0V (I｜X, ε))    (13) 
Rearranging Eq. (13) yields  
Δ y =  - (I + 1w ΔR + 2w ΔH + 3w ΔQ ) + Λ ( 0V (I｜X, ε))  
= φ ( 1w ΔR + 2w ΔH + 3w ΔQ, I｜X, ε) 

where  represents the change in economic benefit, damage of human health, ecosystem quality △
and resource scarcity after the construction of the project. When an individual feel y + △ 1w ΔR 
+ 2w ΔH + 3w ΔQ≥ 0, he will accept the project . Since ε is unobserved, φ  is a random variable.  
The respondents are requested to compare the potential benefits and damages of the project 
development and select an answer.  The value of Δ y either positive or negative, without upper 
or lower bound.  In our model， y is seen as the willingness to pay for the project that may △

bring about the negative damage of QwHwRw Δ+Δ+Δ 321 . Therefore, the following discrete 
outcomes of the response are observable:  
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Stakeholder with different age, education, class, and ethnicity may express diverse trust on 
the sources and shows different environmental concerns. Hence, a weight evaluation conducted 
by stakeholder ith different demographical characteristics may generate complete different 
impacts. Traditionally, dichotomous choice responses are regressed against a constant, the bid 
amount (BID), and a vector of socioeconomic variables (X) using a logistic function.  In this 
paper, Δy is seen as willingness to accept, and 1w ΔR + 2w ΔH + 3w ΔQ represent the bidding 
amount.  Thus, the probability to accept the construction of the project is  

Prob (response = yes) = 
),'exp(1

),'exp(

321

321
ελ

ελ
XQwHwRw

XQwHwRw
+Δ+Δ+Δ+

+Δ+Δ+Δ    (14)  

The logistic function Eq. (20) estimates the probability that an individual is willing to accept 
the construction of an incinerator under a given amount of damages and a set of socioeconomic 
characteristics. Estimation of 1w , 2w , 3w , 'λ  can be conveniently carried out by maximum 
likelihood method.  The estimated values of 1w , 2w , and 3w  are incorporated into Eq. (14) to 
calculate the subjective aggregate damages of a project for assessor committee decision.   

 
5. Results and conclusions 

We apply the model by asking respondents to value the relative importance among impacts 
to determine the weights affecting respondents’ preference to the project development.  We 
categorize the damages of impacts into three types that are clearly indicated in the questionnaire 
in a more concrete and concerned expression.  The result shows that the stakeholders, however, 
concern more on the direct, immediate damages in association with human health and care less on 
long term, potential environmental problems such as the ecosystem impairment.    

This paper provides a framework of EIA that emphasize the integration of scientific analysis 
and subjective utility on environmental damages arising from the development of projects. In 
other words, the calculation of physical impacts are conducted based on scientifically analytical 
methods, irregardless of stakeholder’s perception while the weights among the damage of human 
health, ecosystem impairment and resource scarcity should be determined by stakeholders 
subjectively.  This paper introduce Contingent Valuation Method into EIA process to satisfy 
current laws and regulation, but more importantly to improve the information content of 
Environmental Impact Statements (EIS) and enable the final decisions of project approval meets 
both the prevention requirement of environmental impacts and the perception of stakeholders.  



The framework incorporating CVM for determination of weighting factors highlights the 
usefulness of EV, but also reveals important methodological, practical and institutional gaps and 
challenges to the wider use of EIA in Taiwan. The economic valuation method of CVM clearly 
demonstrates the importance of stakeholder’s participation that provide an important role in 
determining weighting factor, that eventually affect the calculation of aggregate environmental 
damages and serves as a dominating role in affecting final decision of project development.  
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